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Although human observations of equine locomotion are as old as our relationship with the
horsetoday'’s scientists still have much to learn abdoutsse-human interactions. Two
approaches are commonlged to study equine biomechanics and both were evident in
abstractpresented ahe International Conference on EquineEisePhysiology(ICEEP)
2014. One approach is to use simplified methods of measurement and analysis that provide
simple but meaningful objective informatitimat can ultimately be used bHye clinician or
practitioner. Alternatively, more complex equipment and techniques may beoyseditle
detailed structural and functional information that directly measure orlagg#ding orthe

equine musculoskeletal system. Whichever methods are used it is important tlaae they
reliable and robust, and that the errors and limitations ah#tesurement system are fully
recognized when interpreting data. In his keynote speech, Professor Rene &fan We
proposed that thieiomechanical techniques available to scientmisy providea gateway
towards a better understanding of the haider interaction that must ultimately improve
equinewelfarewhilst maintainng peak performancé@ he abstracts presented in this review
therefore cover key topics that are relevant to welfare and performance; lamehess an

asymmetry, locomotion and sports performance, a focus on the axial system, fadl the

L ameness and asymmetry

The subtleties gbathological low grade lameness compared to asymmetries that result from
other causes includingechanical asymmetries, lateralidgymmetric posture, muscular
imbalances, theask involved, such as circlingndthe horse-human interactiovas a key

topic of interest. The studies presented enhanced current knowledge of kinetigtlaresnd
postural asymmetries, which at times rejected long held anecdotal asssgotd

undoubtedly will lead to improvements in clinieedaminationand diagnosis ovemte.
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Two studies investidad the effect of sidaandling, aseading from the lefts often

implicated in relation tasymmetrianovement and loading patterns. Head and pelvis
movement symmetryas not found to be influenced by the side from which a horse was led,
provided the horses had a consistent head carriagaianmdum of 27 stridesvere used in

the analysis [1]. Using a pressure plate with a smaller number of repeats @dataw
collection sessions no significant differesovere found peak vertical force or vertical
impulse with the handler on the left compared to the right [2]. Both studies therefore
confirmed that sidérandling can be discounted as a cause of asymmetry during lameness

assessments.

Other aspects of cumeclinical practice were investigated in relation to subjective and
objective quantification of lameness. An objective evaluation of pelvic syminefioye and
afterdiagnostic analgesia in the hindlimb of lame horgas performedo determine which
parameters chandenost consistently between horses [3pvdment amplitude between left
and right tuber coxaghangedonsistery. Although this was not as sensitive as the
difference in upward movement between left and right tuber caxaas consideredasier

to perceivein a lameness examinatioso was considered the objective measurement of
choice to compliment subjective assessméhé anecdotal link between tail deviation and
lameness was also explorgd. 87.2% of the horses, which included both sound and lame
horses, showed some degree of tail deviation. Due to the high proportion of horses with a tail
deviation and the variability in postural angle between horsesigndicant relationship
between tail carriage and lameness was identifiedl d€siation should therefore not be

considered an indicator for lameness.



54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

Examination of the lame horse often extends beyond straight line motion on a fle¢ sundia
can include inclines, declines or circles to furtimestigate the origin of lamerse$n

relation to slopes, declines were found to increase longitudinal breaking forogsaimal
vertical forcein the forelimb, whereas inclines increased propulsive force [5]. The demands
on the superficial digital flexor tendaonay therefore be greaten declines whereas the

demands on the deep digital flexor tendasly be greater on inclines.

Circular motion poses additional challenges in relation to lameness diagnasisleas
dependenmmovement patternsre evident and these caary between haees. In one study [6]
inter and intrarater agreemermdf lame limb identificatiorbetween equine practitionesss
evaluatedrom videos of sound and lame horses during lungeing. High otisgrver
variationwas found, although agreement increased byddater in when evaluating
forelimb compared to hindlimb lameness. To addtiess/ery problem, anothestudy[7]
comparedbjective classificationf lameness on the circle the exact foréhindlimb(s)
scored lame subjectivelfinal diagnosis and obgtive classification on a straight linghe
study reported high frequency of false positivés objective classification on a circle
compared to subjective evaluation, ajlective measurement$ asymmetry during circular
motionwerenot associated with baseline lamené&sstle lameness may be detectahblere
successfullysing this techniquencepredictive valusof circle dependent asymmetry are

determinedensuring thatircle size[8] and speed are taken into account.

Circle dependerasymmetries occur due to the change in locomotion requirements, which
include the production of centripetal force at the ground to make theQemntripetal force
can be produced by leaning inwards, which shifts the point of application of the ground

reagion forcetowards the centre of the cirdl]. This medielateral loading is borne by the
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forelimbs in a proportion that directly relatedo their greater support of the body mass
against gravity compared to the hindlimbs, but with no significar¢r@iffce between inside

and outside limbs [10

Speed and circle size influence the requirement for centripetal force pargunett the point
of application of the ground reaction force was only found to move towards the cethiee of
circle above walkingpeed9]. At trot, the point of application of the ground reaction force
was reported to move by 19.8 £ 10 mm, producingian8s higher centripetal force, but
interestingly the amount of systematic movement asymmetry @wathe sized circle was
comparable between wadind trot [11]. In another study [18p significant differences in
predicted compared to measured body lean anglesfaand between trot and canter on two
differentsized circle In this study, brsedeanedmarginally less ito the circle than predicted
and significant differences in body lean angle between horses and turn direerefsund.
These studies provide evidence to suggestctratripetal force may not be the primary

variable responsible for movement asymmetryttee circle[11].

The effect of exercise on movement symmetry was explored in two difféueiies The

first used a longitudinal approach, measuringviertical headforelimb) and pelvis

(hindlimb) movemenof trotters that were in training fourteen times from yearlingsyed&8

olds. The horses were grouped according to when they qualified to race and it wakd&bund t
forelimb movement asymmetry was associated with delayed race qualific&]of hé

seond study compared movement symmetry before and after endurance rides of 120-160
kilometresand found a significant decrease in post-ride symmetry of the trunk [14]. Long
term andor endurance exercisaay therefore result in asymmetric musculoskeletal

dewelopment, whichmay havea direct influence on performance. Understanding the extrinsic
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and intrinsic factors that leads to asymmetric development during exeiitiséfex health,

welfare and performance benefits.

Equine locomotion and sports perfor mance

Biomechanical studies of sports horses and race horses sit ontbaénaf sides of a

balancing scale. One side of the scale concerns the health and welfare of theltitstsine

other side considers performancéée scales must balancené are tanaintain health and

welfare without compromising perfmance. In balancing the scales we must therefore
understandhe performance demands placed upon the horse and this section describes studies

that were presented on aspects of performance.

The most explosive capabilities gdillopinghorses were highlighted in a study comparing
Quarter Horse sprint races to Thoroughloledsic distance stakes ra¢gS]. The average
stride rates for Quarter Hosseere 25% greater thdar Thoroughbreds (2.88 vs 2.34
strides/ser When just considering the Thoroughbretigse stride rates and associated
respiratory ratearequiteremarkable The higher values in Quarter Horses reported imane
have implications for skeletal and respiratory soundness, although further woekiézirie
explore the capabilities of these hotrsEse effects of speed were investigated in more detalil
in trotters [16]. As speed increased, vertical loading rate increased in both foracnd hi
limbs. The relationship between spesul peak vertical force was greater in the hindlimbs,
although again both increased with speed and as stance duration decreased so did vertical
impulse. A greater increase in hindlimb peak force with an increase in speed has not
previously been reported and highlights the necessity of performing biomechanical
measurements under real training conditions. Chandesbrioading with speed will also

influence the combined centre of pressure (COP) location and therefore thegpmcments



129  about the centre ohass (COM]17]. In particular, it was reported thavergence of the

130 COM from the COP creating a vertical force moment arm prior to midstance may aid in
131  accelerating the COM about the hind foot, thereby passively assisting Hirtiopulsion.

132 The control of stability, balance and locomotion efficiefaydifferent breed# different

133  gaits and at different speeds will develop a better understanding of the ficaisability in
134  the horse.

135

136 Jumping was the topic of interest of a number of studies that considered the demands placed
137  upon the horse and jumping technique. Forces measured during jumping confirmed the
138  difference in roles of the leading and trailing forelimbs during landing evtiner leading

139  forelimbplays a major part in the retardatory (lestnsorption) phase, while trailing forelimb
140 is mainly involved in propulsiofiL8]. Increased lumbosacral and thoracocolumbar flexion
141  during takeeff and flight were reported to be associated with altered limb kinematics on
142 landing, which may influence limb loading [19]. Neck, thoracic and lumbar motion

143  influenced subjective grading of the jumping technique, and although higher raéregs

144  only weaklyrelated to longer take off distand@®], the probability of success iftee

145  jumpingincreased with increang take off distance [21]. Increased velocity was found to
146  reduce free jumping success and increasing the number of jumping efortase take off
147  and landing distances, and height of the forelimb, withers and croup over the fence [22].
148  Much work is still needed in this area to fully appreciate the demands on the hpesejatd
149  on capability, discipline, fence type, environmefféatorsand competition level.

150

151  One of the key environmental factors is the surface used in training and campatid

152  studies relating to surfaces were presented by a number of authors. This inotuded t

153  developments of the surface used for the Olympic Games in 2012 and how important water
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management and sub-surface construction are to achieving functional prapattegport

elite performance [23Rider perception of these properties could be considered as important
as the measuremeottthem and when questioned in a survey, riders preferred a surface that
produced higher peak loads and greater traction values [24]. Although these functional
properties are likely to support a good performaheg are also more likely to increase

musculoskeletl injury risk.

Several studies focussed on differences between surfacewpels provide additional
information in relation to the horse-hosiface interactiann a longitudinal study divo-

yearold Thoroughbred racehorsiestraining turf and pat moss training surfaces caused an
increase in stride leng{R5]. Using a pressure mat, vertical force and pressure measurements
synonymous with damping decreased on a surface covered with 50 mm of sand/synthetic
material, while contact area increasdaen compared to being covered with a rubber mat.

[26]. A new design of instrumented horse sh@es used to explore surface reaction profiles
during gallopona sand track comparedaagrass track27]. Surface penetration on sand was
found to begreater, and there was a differencstiffness but not in dampingetween these

surfaces

Also concerning different racing surfaces;elimb hoof accelerations of galloping
Thoroughbreds on a disurfacecompared to a synthetic surface wgtleatershear strength

were recorded8]. Peak dorsopalmar accelerations were 40% greater during landing on the
synthetic surfaceompared to a dirt surface and the grab phase was 32% shorter. In another
study[29] maximum loathg rate on theynthetic surface wagportedto be five times

greater than thdirt surface which suggests a notabiereasestrainon the suspensory

apparatusThe findings of these two studies contrast previous findings of trotting horses on
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all-weather waxed and crushed sand surfaagggestinghat variability within surface

category may be large and should be considered in future studies.

Rider interaction with the horse mainly focussedasymmetry in the rider and the potential
effects on performance. Trunk axial rotation, which has previously been reportedsn ride
was linked to poor shoulder-in dressage scores and was thought to be due to the right hand
dominance of the riders tested [3BElvic posture and motion control wete feature of two
studies [31,32]. Gntrol offorward flexion and extension motion of the pelvis during

standing was measured in riders and this was compared to horse-rider syncbrodisatg

riding [31]. It was suggested that the ability to control pelvic motion may influence-horse
rider harmonyln another study, standing asiiting pelvicasymmetrywas found to be

prevalent in riders and this was linkedpielvicasymmetry in the horse [32], although the
cause and effect relationship is undoubtedly complex and has yet to be substantially

evidenced.

The neck, back and pelvis

Good health of the axial system in the horse is essential for sustaining goochpeder
Maintaining health in the neck, back and pelvis is however complex, as pathologies in these
strucures may develop due to primary or secondary causes and neuromuscular acfivity ma
be permanently compromise@ur understanding of the structures, pathologies, functional
deficits,neuromuscular response and influence of rehabilitation techrageeeviping

[33-35], but we have much still to learn. Studies presented provided new information on the
axial system, but as-vivo measurement still poses a number of issues the reliability of

several measurement techniques were also explored.



204 Intrinsic factors that increase the risk of injury and may be perforeantting include

205  morphological differences between horses. In a study exploring the link betweaihaa

206 joint degeneration and back painTihoroughbred racehorsesrelationship betwedrone

207 formation andsurface area dhejoint was found, anthack pain was associated wihvious
208  gross pathologies [36]. Interestingly, there was no relationship betweendigttar age

209 and the surface area of the sacroiliac jdmanother study [37huscle fibre type

210 distribution in m. psoas major and m. longissimus dorsi was found to vary with breed

211 (Quarter Horsg versus Arabiansht wassuggested that due to muscle fibre type distribution
212 the deep epaxial muscles mm. psoasor and the diaphragm are most likely to have a

213 postural stabilization role compared to the hindlimb musealasre type Il and 11X were

214  more prevalent. New information ¢éemella band measurements of theechal ligamenof

215 foetal foals in different hebhand neck positionsas aso presented [38]. This study found

216 lamella band width differences in different postures and suggested that extrehamtiea

217  neck positions mamterfere with normal elastic energy storage in the nuchal ligament during
218  movement.

219

220 Manipulation of the head and neck was usedvo to investigate lan displacement in the

221 equine neckising radiopaque skin markers from C1 to C6 [S&jnificant differencesf up

222 to 44 £ 14 mnbetweercontrol and “nose to carpus” positionsre found between actual

223 vertebral position and skin mounted marker positions. In another study assessisglsoft ti
224  artefacts, mtion of the ilium and sacrum during manual force application to the equine pelvis
225  were compared usirgpne fixated and skin mounted sensors [AQboor correlatiorwas

226  reported suggesting that kinematics during external movement applied to thegehos be
227  predicted from skin-mounted sensors. Soft tissue artefacts, which include skinatiding

228 muscle deformation should always be taken into consideration when using skin mounted
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markers or sensors, as the movement of the soft tissues over the underlying bones can be

quite pronounced.

The capabilities of diagnostic imaging techniques were explored by sevé@isatihe
locations of clinically important structures including the facet joints, spordl cervical
nerve roots and intervertebral disks were identified usiagnetic resonance imagingRI)
and compared toontrastenhanced@omputerised tomograpi{ZT) imaging in onestudy
[41]. The CT imagesvere able to depict all osseous borders MiRtimages werdéound to
besuperior for soft tissue structurdhere may therefore be limitations in using contrast
enhanced CT imaging whacurate diagnosis of cerviadibease is required he ability to
measurenterspinous spaces using radiographs was presented by investigatipdpeam
anglewhen imaging the equine back [42]. This study fodif€erences of up to 2 mm in
spacing depending on theam angle ansuggeted that this masesultin incorrect
evalwation of interspinous spaces. Inter and ip&rator reliability and repeatability using
ultrasonography compared to MR imaging was investigated in the equine neck, ag atroph
and response to physiotherapy could be measured and monitored mafeotisely using
ultrasoundIt was suggested thalttasonography could be used fopss sectional area
(CSA) measurement of m. multifidus and m. longus colli in the-cgidsical spine of the

horse as the CSAf both muscles walarger in this regiof43,44 .

Rehabilitation studies includedraovel assessment of electromyogragB®MG) intensty and
duration of vastus lateralis and gastrocnemius latesdlen applying amcreasing draftoad
at walk[45]. Intensity and duration of activity was found to increase with increasing load
suggesting tha draft load could betilised for strength training following injury or to

improve athletic performanc&/ater treadmill exercise is already used for rehabilitation
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purposes, but one studwestigate the effecs of water depth on pelvic movemeat.
significant increase in vertical displacement of the pelas foundas water depth increased
without an incease irdisplacement symmetf#6]. New and improved methods of
rehabilitation together with intrinsic and extrinsic factors that increase ingkghould
continue to be the focus of scientific study, particularly as changes in thelosksdetal

system can occur so rapidly [47, 48].

Thefoot

The internal and external morphology of the foot are as important today as theyvbave
been and yet we still know relatively little about factors that influencetty; conformation
and function from the foal to the adult horse. This topic was addressed by a number of
authors who highlighted differences between foals and adult horses and functional

differences between horses, gaits and shoeing practices.

In relation to growth, hoof renewal in Thoroughbred $aehs found to occuat twice the

speed given for mature hordd®9]. In addition, external characteristics including the hoof
pastern axis and hoof angle, which are commonly used to assess dorsopalmar confarmati
adult horses cannot be used in foals [50]. It was found that the hoof wall integument and
distal phalanx weraot parallelin foalsand thehoof pastern axis and phalangeal axese

not alignedThe cause of the nesignmentwasreported to be widening of hoof integument

proximodistally anctircumferential bone thickening of the distal phalanx.

In relation to function, one study usadighspeed fluoroscopy systetm measure angles of
the distal interphalangeal joi(DIPJ)and the deep digital flexor tenddd@FT) around the

navicularbone, and the moment arm of the DDFT][&gnificant differencesn therange
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of motion during stance of the DIPJ between gaits, strides and horses were found, ayhich m
result in altered stress distribution in the DDRT another study the functionabnsequences

of uneven feet in riding horses was explored, where unevennegestaketermined by the
differences in dorsaldof wall angle between forefeet [b2n horses wittuneverfeet, larger
brakingforce,vertical force vertical fetlock displacemerind overall, a suppléimb spring

during loading were found in the flatter fodtie difference in peak vertical forosay
indicateearly, subclinical sighof lameness in the steeper foot, anddifferences in

function suggedhataltered stress patterns within the limb tissues are likely

With respect to shoeintgelandic horses in competiti@me commonly shod witlveighted
boots on excessively high and long hooteesnhance the expressivenass regularity of

the tolt Two studies reported upon the functional consequences of this shoeing practice.
Weight, particularly in combination with high and long hooves increased protractidr, heig
but onlymarginally increased limb peak fordés]. However, high hooves with long toes
may have negative implications for the health of the palmar structures of théadistas
theDIPJmoment increasesignificantly [54] and enhanced inertial forces duringswing

phasamight stress internal distal limb structugs].

Foot morphology and function should continue to be a research priority, as shoeing and

trimming practices can have such a large influence on soundness in the horse.
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